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Single cell suspensions have been prepared, by enzyme 
digestion, from the mouse preputial gland tumor and 
separ ated by flotation centrifugation into populations of 
different buoyant densities. These populations of cells 
have been shown by morphological, chemical and bio-
chemical criteria to be in different stages of maturation. 
Some properties of the separated cells are described. 
The sebaceous gland is a holocrine organ th e cells of which 
become th e final secretion. To form this secretion the basal 
sebaceous cell replicates and a da ugh ter cell accumulates lipid 
during its development and undergoes a le thal type of differ-
entiation. The morphology of this process, as seen under t h e 
light microscope, has long been recognized [1] and extensive 
electron microscopical studies [2,3] have been m ad e, yet the 
basic biochemistry r emains poorly understood . If sebaceous 
cells could be separated according to their state of d evelopmen t 
and in su fficient quantities to permit ch emical a nd biochemical 
characterization, then progress would be greatly facilitated . As 
t h e sebaceous cell matures, lipids accumulate and 't h e cell 
density should decrease. Hence, theoretically, it should be 
possible to separate su ch cells according to their state of devel-
opment by use of appropriate density gradient centrifugation 
or a simila r procedure based on density difference. The normal 
sebaceous gla nd of both man and animals is too sm all to be of 
practical use in these studies, but certain animals , especia lly 
rodents, possess specialized sebaceous glands which are large 
e nough to be of use. S uch glands are t h e preputial glands of the 
rat and mouse, the flank organ of th e hamster and the ventral 
gland of the gerbil . The secretion of these glands plays a 
different physiological role from that of the normal sebaceous 
gla nd in t hat th ey are territorial markers, nevertheless they are 
h olocrine glands in which the process of cell maturation is a kin 
to that of all sebaceous glands. The mouse preputial gland is 
palticularly amenable since it grows to a relatively large size 
(up to 150 mg for the pair of glands from a s ingle a nimal) ; 
futhermore a transplantable t umor of t h e gland (ESR 586) is 
available. 
In the study described here, the feasibility of this approach 
to cell separation has been explored with t h e preputial gland 
tumor as the selected t issue because it made possible the 
isolation of large quantities of sebaceous cells. For purposes of 
comparison som e studies u sing normal preputial glands have 
also been made. 
MA TERIALS AND METHODS 
Ti:;sues 
The original tumors were obtained from the Jackson Laboratory and 
were maintained by transplant into C57BL/6J mice. The mice were 
Manuscript received July 3, 1978; accepted for publication August 
23, 1978. 
This work was supported by USPHS Grant AM-18702 and by 
Research Funds from the Department of Dermatology of this Univer-
sity. Part of the work was performed while J .E.R.P. held a Research 
Trainee Fellowship under USPHS Training Grant GM-00127. 
Reprint requests to: Victor R. Wheatley, Ph.D., D.Sc., Depar tment 
of Dermatology, New York University Medical Center, 550 First Ave-
nue, New York. N.V. 1001 6. 
sacrificed at 3-4 weeks after transplant and the tumor was excised in 
toto. Normal preputial glands were obtained from mature nontumor 
bearing mice by dissection. 
Tissu e Disaggregation and Cell Harvesting 
Hank's Ca and Mg- free basic salt solu tion was used for all experi-
menta l procedures. 
Tumors. The tumor was carefu lly cut in to small pieces and incubated 
with a volume of Hank's solu tion, conta ining Collagenase III (Worth-
ington Biochemical Corp., 3 mg/ml), such that each ml of medium 
conta ined 50-100 mg tissue. T he incubation was performed in a gyro-
rotary shaker bath at 37°C with a shaker speed of 200 rpm. After 
incubating for 15 min, one-half volume of Hank's solu tion containing 
trypsin (Worth ington Biochemical Corp., code THL, 3 mg/ml) was 
added and the incubation continued for a further 30 min. At the end of 
th is period one-half volu me of Hank's solu tion containing soy bean 
trypsin inhibi tor (Worthington Biochemical Corp., 2 mg/ml) and 
EDTA (3 mg/ml) was added and the incubation continued for a further 
5 min. The digest was fi ltered through a 50 fLm NITEX screen (Tekto 
Inc., HC-3-48) to remove undigested tissue and the filtrate centrifuged 
for 5 min at 450 xg to harvest cells. A Sorvall RC-5 centrifuge was used 
throughout this work. T his was operated at 20°C and fitted with an 
HB-4 swing:bucket rotor. Adapters, tubes and speeds were varied as 
required. T o achieve the centrifugal fo rce just specified we used a #367 
adapte r and 10 ml tapered Pyrex tubes with a speed of 2000 rpm. 
Normal g lands. The above procedure was modified slightly. The 
glands were carefully cut in half and 1 to 4 glands incubated with each 
ml of the collagenase solu tion. Incubation t imes were longer namely 45 
min wi th collagenase and a furth er 30 min after adding trypsin. HaJ'-
vesting was performed by centrifuging at a lower speed at 110 xg (#402 
adapte r; 12 ml polycarbonate tubes; 1000 rpm) for 5 min. 
Cell Separation 
Tumor cells. The procedure is illustrated in the flow diagram (Fig 
1). The cell pellet obtained by the preceding technique was washed 
twice by resuspending in Hank's solution, centrifuging and then dis-
carding the supernatant. It was then suspended in I volume (usually 2 
ml) of 40% w/v Ficoll 400 (Pharmacia Fine Chemicals). This solu tion 
was prepared by dissolving the FicoU in Hank's solution and the density 
determined gravimetrically using a Gay-Lussac bottle. This was usually 
1.135. A step-wise gradient was then created over this cell suspension 
by layering eq ual volumes of 35%, 30%, 25% and 20% Ficoll solu tions 
(prepared by di lu t ing the stock 40% solu tion with Hank's and deter-
mining the density of each solution gravimetrically) in sequence fol-
lowed by a fina l column of Hank's solu tion. The gradient was then 
centrifuged for 30 min at 2800 xg (#402 adapter; 12 ml polycarbonate 
tubes; 5000 rpm) . Bands of cells collected at the interfaces of the 
gradient and were removed manually with Pasteur pipets starting with 
the top band and working downwards. The cells were harvested by 
dilu ting the Ficoll solu tions with Hank 's solu tion and then centrifuging 
at 450 xg (#363 adapter; 15 ml COREX tube; 2000 rpm) for 5 min. 
Nonnalgland cells. The above procedure was modified slightly. The 
washed pellet was suspended in 25% Ficoll. The gradient was created 
with equal volumes of 20%, 15%, 10%, 5% Ficoll and Hank's solu tion. 
The gradient was centrifuged for 30 min at 110 xg (#402 adapter; 12 
ml polycarbonate tubes; 1000 rpm) . After dilution of the Ficoll suspen-
sions, the cells were harvested by centrifuging for 5 min at 100 xg 
(#363 adapter; 15 ml Corex tube; 1000 rpm). 
Light Microscopy 
Tumor t issue was processed for histology by standard procedures 
and sections stained with hematoxylin and eosin. Cells wer~ collected 
on cellulose ester membranes (Millipore Corp., type SM, 5 fLm pore, 25 
mm diameter), fixed in situ and stained with a modified Papanicolaou 
method [4]. This enabled cells , which would not pellet due to low 
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FIG I. Flow diagram showing the method of separating tumor cells 
according to buoyant density. 
b u oyant densit.y, to be collected for stammg. Cell diameters were 
determined by measuring cells, stained for 30 InUl with toluidine blue 
(0.] %), using a micrometer eyepiece. Cell coun ts were performed by 
h e mocytometer and viabili ty determined by Trypan blue exclusion. 
E lectron Microscopy 
Cells, collected on Millipore membranes (2 x 10'; ce lls/cm'), were 
partia lly fixed ill situ by passing 4% glu taraldehyde through the filter. 
The membranes were then removed from their filter holders and fixed 
in 4% glu taraldehyde for 1 hI' followed by fixation in 2% osmium 
tetrox ide buffered to pH 7.4. They were then dehydrated rapidly in 
graded strengths of ethanol and embedded in Epon 812. Sections 1 ,.,.m 
t hick and ultrathin sections were cut on a Reichert ultramicrotome, 
stained with ura nyl acetate a nd then with lead cit rate, and examined in 
a S iemans-Elmiskop lA electron microscope. 
Chem.ical A nalyses 
P rotein was determined by the Lowry procedure [5). Lipids were 
extracted from cells by the method of Vorbeck and Marinetti [6). Total 
lipid was assayed by a micro modification of the method of Bloor [7). 
Lipid class analysis was performed by the Downing procedure [8] which 
was modified in the following ma nner. The TLC plate was prewashed 
with chloroform-methanol (2:1) instead of ether. Two runs were made 
w it h cellula r lipids. In the first run the plate was developed first in 
ben zene and then in hexane, then charred and assayed as described by 
Downing [8). In this run both polar lipids and free fatty acids remain 
at t he origin. A second run was made in which the plate was developed 
first in benzene and then in Downing solvent No.3 (hexane-ether-acetic 
acid). This second run separated the free fatty ac ids from the polar 
lipids and permitted appropriat.e correction of the first run. This mod-
ification was found necessary because in preliminary experiments, using 
the original Downing procedure, it was found that glyceryl ether 
diesters, triglycerides and alkyl acetate are not separated adequately 
for quantitation. 
In the above procedures about 10" cells were used for the Lowry 
method and 10" cells used for each the Bloor and thin-layer procedures. 
Enzym e A.ssays 
Homogenates were prepared using a Dupour homogenizer (Kontes 
G lass Co., K-885250) followed by a brief sonication using a Branson 
Sonifier fitted with a microprobe. Glucose-6-phosphate dehydrogenase 
(Ee 1.1.1.49), isocitrate dehydrogenase (EC 1.1.l.42) , malic enzyme (EC 
1.1.1.40), lactate dehydrogenase (EC l.1.1.27), and malate dehydrogen-
ase (EC 1.1.1.37) were assayed by the fluorometric methods of Ha lprin 
and Ohkawara [9] and 1m [10]. Reaction rates were determined using 
an Aminco (Model 4-7390) fluorometer fitted wi th a strip chart recorder 
and the sets of fil te rs described by 1m and Hoopes [JO]. Citrate cleavage 
enzyme (EC 4.1.3.8) was assayed by a fluorometric adaptation of the 
method of Srere [11], and acetyl-CoA carboxylase (EC 6.4.1.2) by a 
fluorometric adaptation of the spectrophotometric method of Numa 
[12]. About 5 x 10" cells were required for all the above assays. 
Precursor [n. cO/poralion Rales 
Rates of incorporation of amino acids into protein were measured by 
incubating 1 x 10" cells with I ,.,.Ci "H-protein hyd rolysate (Schwarz-
Mann) for 1 hr at 37°C. After incubation, the samples were filtereri 
t.hrough Whatman GF/ C filters (24 mm) and the filters washed wit.h 
trichloroacetic ac id as described by Everhart, Hauschka, and Prescott 
[13]. The filters were placed in scin tillation vials containing Aquasol 
(New England Nuclear Co.) and coun ted in a Packard Tricarb liquid 
scin t illation counter using the channels ratio method for efficiency-
quench correction [14]. To measure lipid synthesis, 0.5 x 10" cells were 
incubated with 1 ,.,.Ci "'C-acetate (Amersham-Searle) for 3 hr at 37°C. 
The cells were saponified and the lipids extracted as described by 
Wheatley el al [151, The extract.ed lipids were transferred to scin t.illa-
t ion vials and coun ted in Aquasol. 
RESULTS 
Tumor MOlphology 
The m ouse preputial gla nd t umo r, ESR 586, is a discrete 
tumor e ncapsulated in mucoid-like material. It grows rapidly 
a nd usually exceeds 5 gm in mass at 5 weeks after transplant. 
The h ost a nimal a lways dies after successful transplant, usu a lly 
at 6- 7 weeks but never later than 14 weeks. The tumor is 
FI G 2. Low-power micrograph of the tumor showing the multi-aci-
nar t.ype of st.ructure. x 50. 
FIG 3. Higher power micrograph of an ac inus in the tumor. The 
sebaceous t.ype morphology is evident and is similar to that observed 
in the normal gla nd . x 250. 
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classified as an adenocarcinoma [16). Histological examination 
b d OWS a mu lti-acinar structure somewhat resembling the nor-
ma l preputial gland but without t he large ductular spaces seen 
in sections of the normal gland [17]. The low-power micrograph 
(Fig 2) shows the mult i-acinar structure of the tumor while the 
higher power micrograph of a single acinus (Fig 3) shows the 
typical sebaceous appear ance with t he basal cells at the periph-
ery and t he more mature cells towards t he center. Previously 
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we have shown [18] that, as the tumor grows, the parenchyma ~ 
increases while there is a decrease of the ductular areas. In the ~ 
experiments described herein tumors of approximately the same 
age, i.e. , in the same state of development, have been used. 1> 
Conditions for Tissue Disaggregation and Cell Harvesting 
Since t he sebaceous cells are unduly fragile, careful handling 
of cells and tissues is essential. An attempt to use the nonen-
zymatic method of Fidler [19] for tissue disaggregation was 
completely unsuccessful. For the enzymatic procedure, the tu-
mor must be carefully cut into small pieces and drastic chopping 
avoided. Various enzymes, both singly and in combination were 
tried namely, Collagenase I and III, trypsin, papain and hyalu-
ronidase. Best resul ts were obtained by sequential treatment 
with collagenase and trypsin. Highest yields were obtained with 
relatively short digestion t imes and treatment with trypsin 
inhibitor and EDTA after enzyme digestion was found essential 
in order to prevent cell destruction and the formation of fibrin-
like clots which ciumped cells together. A shaker speed of 200 
rpm in a gym-rotary shaker-bath gave best results in that the 
yield fe ll at lower speeds while higher speeds caused cell de-
struction. A reciprocating shaker was also used satisfactorily 
but must be operated at a slower speed (100 rpm) . The a bove 
treatment resul ted in a virtually monodisperse cell suspension. 
Yields were good: an average of 2 X lOR viable cells/gm tissue 
with viability from 87 to 99% (average 93%). This compares 
favorably with high yield methods for other tissues [20,21). The 
cells from the tumor range in size from 6.5 to 19 J.lm in diameter 
with population distribution as shown in Fig 4. 
The normal glands require even more careful treatment and 
must not be squeezed as they are removed from the animal. 
Since the gland is encased in a keratin capsule [18], li ttle 
disaggregation results if the gland is incubated whole and it is 
necessary to expose the inner surface of the gland to the 
digestive enZYllles. In the experiments described here the gland 
was cut in half vertically and yields of 3 x 107 viable cells/gm 
tissue obtained with viabili ty from 60% to 80% (average 
72%)-significantly lower than those obtained from the tumor 
tissues. The cells range from 6.5 to 32 J.lm in diameter with 
population distribution shown in Fig 4. 
The cells in the suspensions obtained from these digestion 
procedures can then be harvested. This is best accomplished 
by centrifuging at low speeds. The tumor cells are relatively 
robust and can be harvested and washed by centrifuging for 5 
min at 450 Xg without significant loss. After the initial centri-
fuging of t he suspension, lipid droplets and cellular debris (see 
below) collect at the top, the supernatant contains cellular 
debris only, while the cells collect as a pellet at the bottom of 
the tube. Because the normal cells are more fragile , harvesting 
must be performed by centrifuging for 5 min at 110 xg and even 
at this speed some losses occurred. When t he normal cell 
suspension is first centrifuged, large mature cells and lipid 
droplets collect at the top, the supernatant contains much 
cellular debris and some large cells, while the rest of the cells 
collect at the bottom of the tube. The cells are distributed 
roughly as fo llows; 11% at t he top, 25% in t he supernatant and 
64% in the pellet. 
Conditions for Cell Separation 
Sedimentation under unit g, as described by Shall [22], was 
fIrst tried as a method of cell separation but without success; 
the method was slow and no clear-cut separations were ob-
tained. All attempts to separate cells by layering the suspension 
TUMOR 
20 
Diameter of Cells {ji) 
F Ie 4. Histogram showing the distr.ibution of the normal gland and 
tumor cells according to ce ll diameter. 
on the top of a sucrose or Ficoll gradient resulted, on centrifug-
ing, in almost total destruction of both normal and tumor cells. 
Satisfactory separation could only be accomplished by flo tation 
upwards t lu'ough t he gradient. Linear gradients were fU'st tried 
but fa iled to produce discrete bands of cells, while, in the step-
wise gradient, Ficoll was found to be superior to sucrose. Se-
baceo us cell maturation is a continuous process and, while Tosti 
[23] has described 5 morphologic stages, transit ion from one 
stage to the next is gradual. In the procedure developed by us, 
the selection of the steps of the gradient was made empirically, 
hence each band of cells would not be expected to be absolutely 
distinct with regard to cell type but each would represent a 
narrow range of the total cell population. Some earlier experi-
men ts with tumor cells were performed with a slightly lower 
density gradient using 33%, 29%, 25%, 21% and 16.7% Ficoll 
solutions but this was later discarded. In certain experiments, 
however, where we wanted better resolution of the lower den-
sity tumor cells, we added addi tional layers of 15% and 10% 
Ficoll to the normal range of densities. In all experiments the 
buoyant density of a given band of cells was determined by 
calculating the mean density of the Ficoll layers above and 
below the band. Cells which pelle ted in 40% Ficoll were found 
to have an average density of 1.15. 
Morphology of Separated Tumor Cells 
The cells in each separated band were examined by both 
ligh t a nd electron microscopy. For numbering of bands etc., 
refer to Fig 1. 
Light microscopy. Examination of tumor cells by the Milli-
pore procedure showed the following general features. 
Band 1. The cells of this band had the lowest buoyant 
density and were large with many cytoplasmic vacuoles. 
Bands 2 to 6. The cells in these bands showed decreasing 
cytoplasmic area and the presence of less vacuoles as the 
buoyant density decreased. The cells were increasingly more 
densely stained, the nucleus more basophilic and the cell di-
ameter smaller as the density increased. 
Band 7. The cells in the pellet were small and densely 
basophilic. The nucleus was large and there was relatively little 
cytoplasm, only occasionaily were vacuoles seen in the cyto-
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FIG 5. Micrograph depicts the large lipid droplets (LD, arrows) in the tumor cells from band 1. x 18,700. 
FIG 6. Many of the mitochondria in the ce lls of band 1 contain several osmiophilic spicule-like structures (blacll arrow). The clear arrows 
point to viral particles. x 18,200. 
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r I G 7. In the cells of band 5, there are more small lipid droplets than the large droplets characteristic of the cells of bands 1-4. x 36,000. 
rIG 8. Micrograph depicts 2 Ooating "cells." These cells are narrow in profile, amorphous with few organelles. x 43,000. 
March 1979 ISOLATED CELLS FROM MOUSE PREPUTIAL GLA ND TUMOR 125 
plasm. One or 2 larger less densely stained cells were also seen. 
T h ese large cells were subsequently shown to be nonviable. 
F loating "cells". When the fl oating ba nd of lipid droplets 
a nd debris was examined by this technique, no recognizable 
cells were seen but a number of anuclear squama-like "cells" 
were observed. 
Electron microscopy. Examination of the separated tumor 
cells by electron microscopy showed the following features. 
Band 1. The cells of this band contained large lipid droplets 
severa l of which appear to be coalescing (Fig 5). The cytoplasm 
of t h ese cells also possess numerous Golgi vesicles and rough 
su rfaced endoplasmic reticulum. The latter occasionally have 
in t heir cisternae 1 or 2 viral particles. Many mitochondria 
con tain several osmiophilic spicule-like structures between t he 
cristae (Fig 6) . 
Bands 2 and 3. In these 2 bands, the cells possess both large 
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FIG 9. The lipid a nd protein content of normal gland (0) a nd t umor 
cells (e) of diffe rent buoyant densit ies. 
a few viral par t icles and the numerous mitochondria possess 
t he osmiophilic spicule-like structures. 
Band 4. In the cells of this band one sees an approximately 
equal a mount of both large and small lipid droplets. The Golgi 
apparatus is extensive with several vesicles. Viral part icles are 
sparse and the mitochondria now do not possess the spicule-
like structures. 
Band 5. It is in some of t he cells of this band that one can 
observe a fl attening of the height of the cell as well as an 
increase in the nucleus:cytoplasm ratio . In addition, there ap-
pears to be an increase in small lipid droplets (Fig 7). 
Bands 6 and 7. Most of the cells in these 2 bands are 
fl attened with a n increased nucleus:cytoplasm ratio when com-
pared with the previous ba nds. In band 7, there are a few lipid 
droplets in the cells a nd viral particles are never present. 
Floating "Cells". These "cells" are all narrow in profile, are 
amorphous with li ttle or no organelles and have thickened 
plasma membra nes (Fig 8). Occasionally, 1 or 2 lipid droplets 
can be observed with a few vesicles in some "cells." 
Biochemical Features of Separated Tumor Cells 
The lipid content of both norma l and tumor cells of different 
buoyant densit ies is shown in Fig 9. There is a marked increase 
in lipids for both normal and tumor cells as the buoyant density 
decreases. At the same time there are changes in the composi-
t ion of t he cellular lipids. This is shown in the T able which 
represents data from a single experiment selected from several 
similar experiments each showing the same general trend . 
T here is an increase, both absolute and relative, in waxes a nd 
steryl esters while free sterols a nd polar lipids decrease in 
concent ration but the absolute amounts show some varia tions 
without a ny obvious correlation. T he lipid composition of mixed 
normal cells is shown for comparison. The tumor cell lipids 
never reach the high concent ration of waxes found in the 
normal cells (maximum 9.9% compar ed with 31.1%), while the 
a lky l acetat.es of normal cells are never found in the tumor cells. 
Squalene, on the other hand, is present in the t umor cells but 
not in normal cells. 
The protein content of both normal and tumor cells is also 
shown in Fig 9. Here again there is a marked increase in protein 
for both normal and tumor cells as the buoyant density de-
Lipid composil.ion and lipid content of separated tumor cell:> 
Tumor cells 
Blind number a nd buoyant density of cells 
Compo nent Mixed norma ) 
6 cells 5 3 2 Co mposition 
(%) 
1.1 50 1.1 35 1.1 27 1.097 1.081 1.053 1.019 
Composition (%) li nd cell content (picogrums)" 
Pola r lipids 35.2 20.2 16.5 29.9 26.2 19.6 10.4 19.4 
4.5" 2.5 3.0 7. 1 9.7 6.4 7.9 
Free fatty acids 8.4 5.5 5.6 5.6 7. 1 2.8 1.0 3.0 
1.1 0.7 1.0 1.4 2.6 0.9 0.8 
Free sterols 11.1 11.4 8.9 7.4 6.4 5.4 3.7 6.1 
1.4 1.4 2.0 1.8 2.4 1.8 2.8 
Triglycerides 24.1 37.2 35.8 29. 1 21.4 29.6 27.2 6. 1 
3.1 9.6 6.7 7.0 7.9 9.7 20.9 
Glyceryl ether diesters and neut ral 12.6 9. 7 13.3 13.9 15.3 12.6 9.2 7. 1 
plasma logens 1.6 1.2 1.8 3.3 5.7 4.1 7.0 
Alky l acetates 0 0 0 0 0 0 0 1.2 
0 0 0 0 0 0 0 
Waxes 0.5 1.6 1.6 1.6 2.8 3.9 9.9 31.1 
0.1 0.1 0.3 0.4 1.0 1.3 7.6 
Steryl esters 5.0 10.6 13.5 8.2 14 .2 2 1.5 33.1 19. 1 
0.6 1.3 1.9 2.0 5.2 7.2 25.4 
Squalene 0.9 1.4 2.0 1.3 2.6 2.4 3.9 0.0 
0.1 0.2 0.3 0.3 1.0 0.9 3.0 
" Lower figure gives the cell content in picogra ms. 
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c reases. The increase is of about t he same magnitude as that 
for lipids. 
T h e re la tive ra tes of synthesis by the tumor cells of protein 
a nd lipid , as measured by the incorporation of the appropriate 
precursor, is shown in Fig 10. Protein synthesis shows a steady 
decrease as the cells decrease in buoyant density while lipid 
synthesis incr eases. The activities of the enzymes (Fig 11) used 
to gene rate NADPH for lipid synthesis (glucose-6-phosphate 
dehydrogenase, isocitrate dehydrogenase, malic enzyme and 
ma late dehydrogenase) all show progressive increase as the 
buoyant density decreases but a similar change in the more 
0 
0 
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FIG 10. Relative rates of synthesis of protein and lipid by tumor 
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Buoyant Density of Ce l ls 
FIG II . The variations of enzyme activities in tumor cells of different 
buoyant densities. The enzymes determined were malic enzyme (_), 
citrate cleavage enzyme (0), acetyl·eoA carboxylase (e) , isocitrate 
dehydrogenase (6), glucose·6·phosphate dehydrogenase (A), ladate 
dehydrogenase (0), and malate dehydrogenase (x ). 
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characteristic enzymes of fatty acid synthesis (citra te cleavage 
enzyme and acetyl-CoA carboxylase) has not been demon-
strated. 
While the studies on normal cells have not been extensive, 
neve rtheless certain differences between these a nd the tumor 
cells are a lready apparent. These differences have been sum· 
marized below: 
a. Tumor cells never exceed 20 flm in diameter whereas 33'Jt 
of normal cells fall in this range (Fig 4) . 
b. Tumor cells contain less lipid and protein than normal 
cells of the sam e buoyant density (Fig 9). 
c. The wax content of tumor cells is much lower than t hat of 
norma l cells (Table). 
DISC USSION 
S ingle cell suspensions have been obtained, by enzym'e diges· 
t ion, from t he mouse preputial gla nd tumor and from the 
normal preputia l gland . The morphological features of t hese 
cells a re those of a mixture of sebaceous cells in various stages 
of maturation. The dens it ies of these cells are som ewhat higher 
tha n a ntic ipated. It was calcul ated that, if the increase in size 
of the sebaceous cell was du e entirely to lipid accum ula ting in 
the vacuoles, then when the cell reached a diameter of 10 ~(m 
its density wou ld be 0.99. The density would then progressively 
decrease, approaching that of sebum (0.910), as t he cell grew 
large r. H ence aU cells of a diameter of 10 flm or la rger would be 
expected to fl oat in Ha nk's solu tion (density, 1.005). In our 
experiments we found that some 80% of the isolated tum or cells 
had diameters greate r than 10 flm (Fig 4) yet no nucleated 
fl oating cells we re observed. This was fortuitous since it enabled 
complete sepa ration of tumor cells to be performed by a simple 
dens ity grad ien t cent rifugation techniq ue. Cells sepa rated by 
th is technique show t he morphological diffe rences that would 
be expected of sebaceous cells at diffe ren t s tages of matura tion. 
In addition, ce lls which exhibit, morphologically, more ad· 
vanced stages of maturation show corresponding increases in 
lipid content a nd rate of lipogenesis as well as a n increase in 
most, bu t not a ll , of the enzymes involved in lipogenesis. These 
increases para lleled t he dec rease in buoyant dens ity of the cells. 
We present this as evidence that the cells of the prepu t ia l gland 
tumor are unde rgoing a process of se baceous·like differentiation 
a nd that the technique desc ribed is able to sep? ra te t hese cells 
in to populations at different stages of this diffe rentia t ion. 
Two in teresting obse rvations are reported conce rning these 
sebaceous type cells. First during maturation t here is appa l" 
ently a n increase in protein content of the cells as well as an 
increase in lipid conten t. This was observed in both normal and 
tumor cells and is therefore not a pec uliarity of the tum or cells. 
Unlike the preputial gland of t he rat, which is a " dicrine" organ 
[24] a nd secretes a mixture of lipids and prote ins, the mouse 
gla nd sec retes only lipids (Wheatley, unpub lished observa· 
t ions). H ence t his does not represent a distinctive feature of the 
preputial gla nd, but could apply to other types of sebaceous 
gla nds. The increase in protein is so la rge t hat it is difficul t to 
account for its presence and the possibili ty that the lipid vacu-
oles of t hese cells contain a lipid ·protein co mplex rather than 
a pure lipid must be considered. In preliminary experiments we 
have detected, in homogenates from both the tumor and the 
normal gland , the presence of low molecula r weight lipoproteins 
by gel e lectrophoresis. These a re being furth e r investigated. 
The protein content of t he cells con t inues to increase (Fig 9) 
even when the rate of synthesis, as measured by isotope incor· 
poration, has dropped well be low t he max imum (Fig 10). The 
a mount of protein in the cell at a given t ime is determined both 
by the rate of synthesis and the t ime for whi ch this rate is 
mainta ined. In cells of buoyant density of 1.05 a nd lower, the 
rate of protein synthesis is still some 10% of the maximum and 
these cells probably maintain t his rate for lon ge r periods so 
that s ignificant increase in protein content still occurs. The data 
does not permit compa rison of absolute rates of prote in and 
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lipid synthesis, neverth eless, it suggests t hat in t h e early stages 
of m aturation t h e cell is accumulating protein more rapidly 
than lipid . I t is possible, t h erefore, that at the onset of differ-
entiation the cell de ns ity does not decrease but actually in-
creases. OW" attempts to sepa rate undifferentiated from early 
differentiating cells have been unsuccessful presumably be-
cau se, for the a bove r easons, the density differen ce is too sm all. 
The second observation refers to t h e cha n ges in lipid com-
position of t h e t umor cells as t hey decrease in buoyant density. 
SiInila r ch a nges have been observed in pre liminary experimen ts 
with normal cells so t his is not a feature unique to the tumor 
cell. Studies of t h e skin surface lipids of man by Downing and 
Strauss [25,26] have indicated t hat cha nges may occur in the 
lipid composition of the sebaceous cell as it m atures a nd this is 
also implied in t he studies on isolated huma n sebaceous gla nds 
by S ummerly [27], but direct evidence has been lacking. These 
observations are of interest since they suggest that sequent ial 
gen e activation may be occurring during the m aturation of t he 
sebaceous cell a nd that t h e term cytodiffe rentiation m ay, jus-
tifiably, be used to describe this process. 
Even t h ough less extens ive studies have been m ade with 
norma l gla nd cells, neverthe less the evidence so far available 
s hows distinct differences from t he tumor cells . Hence, while 
t h e tumor enables la rge numbers of cells to be easily collected 
for use in bioch emical investigations, t h e data from such studies 
w ill need to be interpreted with caution unt il it can be confirmed 
on norma l ceJJs. Further studies with normal ceJJs will define 
more clearly t he uses a nd limitations of the tumor cells in t h e 
study of sebaceous cell diffe rent iation. The cells obtained from 
both t h e tumor a nd t h e normal gland by t hese procedures are 
viable cells which a re sui table for ch emical a nd biochemical 
assays of relatively short dW"ation. They are not intended for 
lon g-term incuba tion studies for which t h e cloned cell lines 
previously described by us [28] would be more sui table. Their 
advantage over the cul tured cells is t hat t hey represen t cells as 
they exist in t h e parent t issue a nd have not been exposed to an 
artificia l environment as occurs with cells maintained in cul ture. 
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Announcement 
The Fourth Conference on Cutaneous Toxicity sponsored by t he American Medical Association and 
the Society of Toxicology will be h eld at t h e M ayflower H otel, W ashington , D.C., M ay 9-11t h , 1979. This 
cont inuing m edical educational activity is acceptable for 12 credit hours in Category No. 2 for t h e 
Physician's Recognition Award of t h e American M edical Association . Registration fee $150 ($120 for 
AMA and SOT m embers; $85 for residents and retired physicians). For further informat ion con tact Dr. 
Joseph B. Jerome, American M edical Association, 535 North Dearborn Street, Chicago, Illinois 60601. 
